Effects of different lens materials and cleaning solutions on the surface integrity of contact lenses during the cleaning cycle by Greenlee, Bobby & Stagnaro, Kenneth
Pacific University 
CommonKnowledge 
College of Optometry Theses, Dissertations and Capstone Projects 
5-1988 
Effects of different lens materials and cleaning solutions on the 
surface integrity of contact lenses during the cleaning cycle 
Bobby Greenlee 
Pacific University 
Kenneth Stagnaro 
Pacific University 
Recommended Citation 
Greenlee, Bobby and Stagnaro, Kenneth, "Effects of different lens materials and cleaning solutions on the 
surface integrity of contact lenses during the cleaning cycle" (1988). College of Optometry. 845. 
https://commons.pacificu.edu/opt/845 
This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at 
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of 
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu. 
Effects of different lens materials and cleaning solutions on the surface integrity 
of contact lenses during the cleaning cycle 
Abstract 
Proper lens cleaning is one of the most important factors in successful contact lens wear. Improper 
cleaning may result in deposits leading to immune reactions, loss of sharp vision and loss of wearing 
time. A major side effect of lens cleaning is scratching of the lens surface. The scratches provide 
attachment points for deposits and make the lens less comfortable. This is a study of the damage 
caused by the cleaning cycle of a contact lens over a simulated three to six month period. Six different 
lenses and six different cleaning solutions were compared and rated according to number of resultant 
scratches. 
Degree Type 
Thesis 
Degree Name 
Master of Science in Vision Science 
Committee Chair 
James E. Peterson 
Keywords 
hard contact lens, surface scratches, cleaning solutions, rubbing lenses 
Subject Categories 
Optometry 
This thesis is available at CommonKnowledge: https://commons.pacificu.edu/opt/845 
Copyright and terms of use 
If you have downloaded this document directly from the web or from CommonKnowledge, see 
the “Rights” section on the previous page for the terms of use. 
If you have received this document through an interlibrary loan/document delivery service, the 
following terms of use apply: 
Copyright in this work is held by the author(s). You may download or print any portion of this 
document for personal use only, or for any use that is allowed by fair use (Title 17, §107 U.S.C.). 
Except for personal or fair use, you or your borrowing library may not reproduce, remix, 
republish, post, transmit, or distribute this document, or any portion thereof, without the 
permission of the copyright owner. [Note: If this document is licensed under a Creative 
Commons license (see “Rights” on the previous page) which allows broader usage rights, your 
use is governed by the terms of that license.] 
Inquiries regarding further use of these materials should be addressed to: CommonKnowledge 
Rights, Pacific University Library, 2043 College Way, Forest Grove, OR 97116, (503) 352-7209. 
Email inquiries may be directed to:.copyright@pacificu.edu 
EFFECTS OF DIFFERENT LENS MATERIALS 
AND CLEANING SOLUTIONS ON 
THE SURFACE INTEGRITY OF CONTACT LENSES 
DURING THE CLEANING CYCLE 
BY 
~ 
BOBBY (§BEEN LEE 
KENNETH STAGNARO 
A thesis submitted to the faculty of the 
College of Optometry 
Pacific University 
Forest Grove, Oregon 
for the degree of 
Doctor of Optometry 
May, 1988 
Adviser: 
JAMES E. PETERSON, 0.0. 
PACIFIC UNIVERSITY UBRARY 
fORESTGROVE, OREGON 
ABSTRACT 
Proper lens cleaning is one of the most important factors in successful contact lens 
wear. 1 Improper cleaning may result in deposits leading to immune reactions, loss of 
sharp vision and loss of wearing time. A major side effect of lens cleaning is scratching 
of the lens surface. The scratches provide attachment points for deposits and make the 
lens less comfortable. This is a study of the damage caused by the cleaning cycle of a 
contact lens over a simulated three to six month period. Six different lenses and six 
different cleaning solutions were compared and rated according to number of resultant 
scratches. 
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INTRODUCTION 
Over time contact lenses tend to attract various types of deposits. Removal of these 
deposits is important to maintain a good fit. Most manufacturers recommend a 
cleaning procedure of rubbing the lenses for 10 - 20 seconds with the forefinger in the 
palm of the hand, or betwe.en the thumb and forefinger.2 The cleaning process tends 
to cause scratches on the lens surface which can result in more deposits and 
decreased comfort and wearing time. 3.4 The variables which may cause these 
scratches are the contact lens material, cleaning solutions used, rough skin on the 
finger tips, contaminants, lens deposits which may react with the lens surface causing it 
to be more susceptable to scratching and aging of the lens. The different materials 
used in producing contact lenses produce different surface qualities. The harder 
materials tend to resist scratching more and for that reason last longer. Many 
companies have tried to alter the surface qualities of their lenses to resist both 
scratching and deposits. If the deposits could be avoided initially, the lenses would 
need less cleaning and less scratching would occur. 
Presently, no contact lens company has been able to produce a lens that can resist 
all deposits; therefore, cleaning solutions must be developed to clean the lens with 
minimal damage. The main function of the solution is to dissolve or soften the material 
which has deposited on the lens. The rubbing action of the fingers then removes the 
material. Some cleaning solutions have abrasives in them which help to remove the 
deposits, but the abrasives may also cause more lens scratching. This may result in 
more, harder to remove, deposits. Solutions which remove the deposits while causing 
minimal damage will result in a comfortable and long lasting lens. 
MATERIALS 
Six lens materials: (6 lenses each ) 
1 . Polycon II 
2. Ocusil 
3. PMMA 
4. Equalens 
5. Boston IV 
6. Paraperm EW 
Six lens cleaners 
1. water 
2. The Boston cleaner 
3. LC-65 
4. Barnes-Hind gas perm cleaner 
5. Opti-clean 
6. Lobob 
Mechanical lens cleaner with velveteen pads (see appendix 1) 
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METHODS 
In order to study the damage caused by cleaning solutions during the cleaning 
process we attempted to hold other variables constant. The cleaning was done by a 
velveteen covered brass contact lens radius tool. The radius of the tool was steeper 
than the base curve of the lenses in the study. The tool was rotated back and forth on 
its radius of curvature by an electric motor while the tool rested on the concave side of 
the contact lens. The lens was held by a contact lens suction tool on a spinner mount 
and could not move. The contact lens tool was free to move up and down so its full 
weight was on the lens. The cleaning solutions were fed in directly onto the velveteen 
covered tool by use of an I.V. tube. The flow was set to keep the lens wet at all times. 
Each lens was numbered (with a sharpie pen on the convex side), photographed 
and visually examined for a baseline, and then rubbed for 30 minutes. This time was 
set to simulate three to six months of use. After the cleaning cycle the lens was again 
examined and photographed to determine the extent of scratching. The velveteen pad 
was changed with each lens to maintain a constant friction level and to prevent mixing 
of the solutions. The IV tube was flushed clean before adding any new cleaning 
solution for the same reason. 
The scratches were very superficial and could not be seen in all photographs. 
Therefore, before and after grading of scratches was done visually. The 
photographing and viewing were done through a Nikon biomicroscope under 
approximately 25X magnification. The condition of the lens surface was assessed and 
graded using a scale of 0 to 4. A grade of "0" indicates that no scratches were visible 
in the viewing area, "1" indicates 1 to 3 scratches, "2" indicates 3 to 5 scratches, "3" 
indicates 5 to 10 scratches, and "4" indicates greater than 10 scratches. The difference 
in the grade between "befote and after" indicates how much scratching occured with 
the particular combination of lens material and cleaning solution. 
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RESULTS 
KEY 
grad # of scratches in view 
0 0 
1 1 TO 3 
2 3 TO 5 
3 5 TO 10 
4 > 10 
POLYGON II OCUSIL PMMA 
lens# pre post chg lens# pre post chg lens# pre post chg 
1 0 1 1 1 1 0 2 2 21 0 0 0 
2 0 2 2 12 0 3 3 22 0 4 4 
3 0 1 1 13 0 2 2 23 0 2 2 
4 0 1 1 14 0 2 2 24 0 1 1 
5 0 2 2 15 0 2 2 25 0 1 1 
6 0 4 4 16 0 4 4 26 0 4 4 
EQUAL ENS BOSTON IV PARAPERM EW 
lens# pre post chg lens# pre post chg lens# pre post chg 
31 0 1 1 41 4 4 0 51 1 1 o, 
32 0 2 2 42 0 1 1 52 1 1 0 
33 0 2 2 43 0 2 2 53 2 2 0 
34 0 2 2 44 0 1 1 54 1 2 1 
35 0 2 2 45 0 1 1 55 1 2 1 
36 0 2 2 46 1 4 3 56 1 4 3 
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WATER BOSTON CLEANER LC-65 
lens# pre post chg lens# pre post chg lens# pre post chg 
1 0 1 1 2 0 2 2 3 0 1 1 
1 1 0 2 2 12 0 3 3 13 0 2 2 
21 0 0 0 22 0 4 4 23 0 2 2 
31 0 1 1 32 0 2 2 33 0 2 2 
41 4 4 0 42 0 1 1 43 0 2 2 
51 1 1 0 52 1 1 0 53 2 2 0 
BH GAS PERM CLEAN OPTI-CLEAN LOBOB 
lens# pre post chg lens# pre post chg lens# pre post chg 
4 0 1 1 5 0 2 2 6 0 4 4 
14 0 2 2 15 0 2 2 16 0 4 4 
24 0 1 1 25 0 1 1 26 0 4 4 
34 0 2 2 35 0 2 2 36 0 2 2 
44 0 1 1 45 0 1 1 46 1 4 3 
54 1 2 1 55 1 2 1 56 1 4 3 
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AVERAGE RATINGS (CHANGE) 
LENS MATERIALS CLEANERS 
LENS GRADE CLEANER GRADE 
PARAPERMEW 0.8 WATER 0.7 
BOSTON IV 1.3 BH GP CLEANER 1.3 
POLYGON II 1.8 LC-65 1.5 
EQUALENS 1.8 OPT I-CLEAN 1.5 
PMMA 2.0 BOSTON 2.0 
OCUSIL 2.5 LOBOB 3.3 
DISCUSSION AND CONCLUSIONS 
Proper cleaning of a contact lens is probably the most important factor in successful 
wear. The most common cleaning method is to use the fingers and the palm of the 
hand. This has been shown to cause scratches in the lens which shorten its useful 
wearing life. Alternative methods of cleaning have been suggested such as Q-tips or 
the hands off system by Barnes-Hind. 5•6 A better way to avoid the problems of 
scratched lenses is to use lens materials and cleaners which resist scratching. In our 
study the Paraperm EW lens showed the least scratching of any of the lenses. The 
Ocusil lens had the greatest amount of scratching. The difference between the two 
was not great, but it was measurable. 
The second variable in the study was the cleaning solution.' This variable had a 
much greater influence on lens scratching. The least scratching came from plain 
water. This is due to the' fact that there is nothing in the water to help break up 
deposits. Water does not work well in practice because deposits will build up. On the 
other end of the scale is Lobob which with every lens except the Equal ens resulte.d in 
the maximum grade level of scratching. This may be due to some abrasive in the 
cleaner. While this would certainly help the cleaner to remove deposits, the scratched 
surface may over time lead to increased lens deposits and would result in a less 
comfortable lens and a shorter lens life. The other cleaners all varied somewhat in 
between the two extremes. 
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Two additional trials were done by actually cleaning the lens between the fingers for 
30 minutes. The results of this test were very similar to those found with the 
mechanical apparatus indicating that our procedure was valid. 
There are various other factors which can act to scratch contact lenses. Each 
individual lens wearer cleans his/her lenses differently. Some people may have 
rougher skin or they may push harder when they clean the lenses. Both of these 
factors could increase the scratching of the lenses. Lens deposits may change or 
weaken the contact lens chemical structure, which may increase its susceptability to 
damage (scratches) during the cleaning process. This, in turn, would lead to increased 
deposits and a cycle of more scratches and more deposits would occur. The end result 
would be a shorter lens life. Other variables which could affect scratching are the 
volume of cleaning solution used, the tear quality of the wearer, and the environment 
the lenses are worn in. Contamination, which was kept at a minimum in our study, is 
possibly a large factor in causing deeper scratching of contact lenses during the 
cleaning process. All the scratches on the lenses in our study were superficial except 
one deep scratch which occurred on a lens cleaned by fingers for 30 minutes, and in 
our opinion resulted from co'ntamination of the solution. 
RECOMENDATIONS 
The lenses and solutions were graded by counting the scratches on the lenses, but 
the scratches were very superficial, and could be removed by buffing. Because of the 
minimal lens damage incurred in this study, it appears that lens materials or cleaning 
solutions are not major factors causing lens damage. The other factors mentioned 
earlier may be the major cause of damage: contaminants, damage caused by fingers, 
lens deposits, lens aging, and excessive pressure applied by the fingers combined 
with insufficient amount of cleaning solution. It is our opinion that all the lenses and 
cleaners in our study performed well and that it is the other factors which cause the 
deep scratches seen on lenses which are actually being worn. Future studies of the 
effects of deposits and aging upon lens surface damage may shed more light upon the 
causes of lens scratching. 
8 
ACKNOWLEDGMENTS: 
The authors wish to extend their appreciation to Dr. James Peterson for his 
assistance and sharing of knowledge; and the following companies for their 
contributions of lenses and solutions: 
Polymer Technology Corporation 
Opti-Con Inc. 
Oculus Contact Lens Co. 
Syntex Opthalmics, Inc. 
Allergan 
Barnes-Hind 
Lobob 
Alcon 
9 
BIBLIOGRAPHY 
1. Doell, Gail B. et. al. Contact Lens Surface Changes after Exposure to Surfactant 
and Abrasive Cleaning. American J. of Optometry and Physiological Optics. June 
1986, V. 63 No 6 pg 399-402. 
2. Allergan LC-65 lens care pamphlet. 1985. 
3. Mandell R. B. Contact Lens Practice, 3rd ed. CC Thomas, 1981 pg. 319. 
4. Allergan Pharmaceuticals Inc. Identification, Prevention and Removal of Contact 
Lens Deposits. Optometry Documenta 1984. 
5. Stein, H.A. Slatt, A. Multicentre Comparative Clinical Evaluation of Daily Care 
Solutions for Rigid Gas-permeable Contact Lenses. Canadian Journal of 
Opthalmology June 1984, V. 19 No.4 pg. 169 
6. Sagan, W. Ahearn, D.A., Daily Care Regimen for a Gas-permeable Silicone 
Copolymer Lens. International contact lens clinic. Feb. 1984 V. 11 No.2 pg 87. 
7. Finn, Casey J. Cuevas, Ron V. A Study Comparing the Effects of Rubbing 
Gas-permeable Contact Lenses with the Fingers and a Cotton Swab During Cleaning. 
Pacific University thesis May 1986. 
8. Kaopua, Isaac J. The Effects of Rubbing Hard and Soft Contact Lenses. Pacific 
University thesis March 1984. 
10 
APPENDIX 1 
Operation: 
1. The motor turns at 60 RPM. 
2. The rotating wheel also turns at 60 RPM. 
3. The wooden arm moves back and forth which causes the radius 
tool to make two sweeps across the lens or 120 sweeps/min. 
4. The weight of the radius tool and the wooden arm rests upon 
the lens, which simulates the pressure applied by fingers 
during a cleaning cycle. 
5. The I.V. needle and tubing contain the cleaning solution. The 
drip rate is controlled to maintain cleaning solution on the lens 
at all times. 
6. The radius tool is covered with a new piece of velveteen for 
each lens cleaned. 
7. Each lens will be cleaned for 30 minutes to simulate six 
months of cleaning. 
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APPENDIX2 
Martha McCluskey 
Manager, Clinical and Regulatory Affairs 
Polymer Technology Corporation 
100 Research Drive 
Wilmington, Ma 01887 
Subject: Gas Permeable Contact Lens Study 
Dear Ms. McCluskey, 
Bob Greenlee 
Pacific University 
College of Optometry 
Forest Grove, Oregon 97116 
June 11, 1987 
This letter is in response to your conversation with Dr. J. Peterson, and summarizes our study on 
gas permeable lenses and solutions. Our study will compare the resistance to scratching of various gas 
permeable contact lens materials. We will also be comparing various cleaning solutions to see if they 
cause scratches. We have assumed in our experiment that most of the scratching occurs in the cleaning 
process. We will simulate six months of daily cleaning by using a mechanical device which uses a radius 
tool covered with velveteen to rub the lenses. The device will eliminate the variable pressure applied in 
the cleaning process. The lenses will be kept wet at all times with the cleaning solutions. Before and 
after the simulated six months of cleaning, the lenses will be photographed and the photographs 
compared. In this way we will make an objective comparison of the different lenses and cleaning 
solutions. 
The six different types of lenses to be used in our study are: PMMA, Polycon, Ocusil, Boston, 
Equalens, and Paraperm EW. We will also be using four different cleaning solutions: Boston cleaner, 
Opti-clean daily cleaner, B.H. gas permeable daily cleaner, LC-65, and distilled water as a control. 
We are requesting donation of ten Boston gas permeable lenses, ten Equalens, and one dozen 30 ml 
bottles of the Boston cleaner for use in our study. The lens parameters needed are: 9.00 mm diameter; 
8.00 mm base curve. 
In the opinion of the Chairman of the IRB, it is not necessary to seek approval from the IRB because 
no human subjects are involved. 
Thank you. very much for your assistance. 
Sincerely, 
Dr. James Peterson 
Bob Greenlee 
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